We analysed 30 primary invasive oral and laryngeal squamous carcinomas (SC), with concurrent dysplastic lesions, for genetic alterations at 15 microsatellite loci on the short arm of chromosome 8. Overall, loss of heterozygosity (LOH) was observed, in at least one informative locus, in 27% of the dysplastic lesions and in 67% of the invasive carcinomas. The highest frequency of allele losses in dysplasia (20% and 17%), and invasive carcinoma (40% and 48%) were detected in the same D8S298 and LPL-tet loci located on chromosomes 8p21 and 8p22 respectively. The minimal region with LOH was limited to 4.6 megaBases (mBs) at 8p22 and 7.1 mBs at 8p21. In addition, allelic losses in both dysplastic and corresponding invasive specimens were noted at the same loci in some tumors suggesting their emergence from a common preneoplastic clone. Allele losses correlated signi®cantly with male gender, oral and laryngeal sites and high proliferative index. The data suggest that inactivation of tumor suppressor gene(s), within these loci, may constitute an early event in the evolution of oral and laryngeal SC.
Introduction
The multistep process leading to the development and progression of cancer involves genetic alterations in several classes of oncogenes and tumor suppressor genes (TSGs) (Knudson, 1993; Weinberg, 1991) . The succession of these events is known to be highly conserved in certain cancers (Fearon and Vogelstein, 1990) . Frequent loss of heterozygosity (LOH) at a speci®c chromosomal region in certain tumors implies the presence of TSG associated with their tumorigenesis. The localization of these regions has led to the identi®cation of several TSGs (Levine and Franks, 1992) .
Genetic alterations, LOH and chromosomal deletions, on the short arm of chromosome 8 have been reported, as a frequent event, in several cancers including prostate, breast, colon, hepatocellular carcinoma, lung, bladder, pancreatic and head and neck squamous carcinoma (HNSC) (Al-See et al., 1994; Bova et al., 1996; Brzoska et al., 1995; El-Naggar et al., 1995; Emi et al., 1992; Gustafson et al., 1996; Kagan et al., 1995; Kerangueven et al., 1994 Kerangueven et al., , 1995 Kiaris et al., 1994; Knowles et al., 1993; MacGrogan et al., 1994 , Ohata et al., 1993 Scholnick et al., 1996; SunWoo et al., 1996; Suzuki et al., 1995; . Moreover, the introduction of human chromosome 8p into a colon carcinoma cell line with chromosome 8 abnormalities or into a rat prostate cancer model, resulted in in vivo suppression of invasiveness and tumorigenicity respectively (Gustafson et al., 1996; Ichikawa et al., 1994; Tamako et al., 1996) . The cumulative data strongly indicate that chromosome 8p may harbor one or more tumor or metastasis suppressor genes involved in several cancers.
In HNSC, cytogenetic and molecular studies have shown variable frequencies of deletion and allele losses in dierent chromosome 8p regions (Al-See et al., 1994; BockmuÈ hl et al., 1996; Brzoska et al., 1995; Califano et al., 1996; Cowan et al., 1992; El-Naggar et al., 1995; Jin et al., 1995; Kiaris et al., 1994; Rao et al., 1994; Scholnick et al., 1996; Speidrer et al., 1995; Sreekantaiah et al., 1994; Sun-Woo et al., 1996) . We have previously demonstrated a high incidence of loss of heterozygosity (53%) on chromosome 8p in these tumors (El-Naggar et al., 1995) . In the present study, we applied several polymorphic probes, to further de®ne the critical regions that may harbor an inactivated TSG in early development of oral and laryngeal SC.
Results
We analysed chromosome 8p allele losses in dysplasia and invasive head and neck cancer in each of 30 individuals. The search for allele losses was conducted in two successive rounds. In the ®rst round we have analysed seven well spaced microsatellite markers covering the entire short arm of chromosome 8 (D8S201, D8S511, LPL-tet, D8S133, NEFL, D8S137, PLAT2). In the second round, we have attempted to further limit regions with frequent LOH using additional eight markers (D8S549, D8S254, D8S261, D8S258, D8S298, D8S136, SFTP2 and D8S283). Repeated analysis of randomly selected specimens with positive and negative results were performed and results were reproducible. Figure 1 shows representative autoradiographs of allele losses in pre-invasive (dysplasia) and invasive HNSC in the same individual. Figure 1a exempli®es allele losses common to dysplasia and tumor from the same individual. Case #23 had LOH in dysplasia and tumor specimen at the D8S261 locus. Cases #2 and 11 showed LOH in dysplasia and the tumor at the LPLtet locus. The results suggest an evolution from a common preneoplastic clone in dysplasia to invasive HNSC. On the other hand, as demonstrated in Figure   1b , some allele losses were detected exclusively in the tumor, as demonstrated for patients 1, 4 and 13 (Figure 1b) , suggesting that losses of alleles in additional loci occurred during cancer progression.
Overall, eight (26.6%) of severe dysplasia and 20 (66.6%) of the invasive tumors manifested LOH in at least one marker (Table 1 ). Loss of part or all of chromosome 8p was a common event (Table 1) ; in dysplasia, two distinct regions, surrounding the LPLtet locus at 8p22 and the D8S298 locus at 8p21, showed the highest frequency of LOH (17.5% and 15% respectively) (Table 1 and Figure 2 ). Other markers manifested LOH ranging from 0 ± 7% and were considered random allele losses (Table 1 ). The corresponding invasive carcinoma specimens had the highest frequency of LOH at the same chromosomal regions (48% and 40% respectively) ( Table 1 and Figure 2 ). The minimal region with LOH around the LPL-tet locus, was restricted between the retained informative markers D8S254 and SFTP2 separated by approximately 4.6 mBs (Genetic Location Database (LDB), University of Southampton, UK and Collins et al., 1996) . The second region with frequent LOH, around D8S298 locus, was restricted between the retained informative markers D8S136 and D8S137, separated by approximately 7.1 mBs (Collins et al., 1996) . Comparison of eight paired dysplastic and the adjacent invasive HNSC revealed identical allele losses 
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28 (93) 22 (73) 20 (67) 13 (43) 27 (90) 23 (77) 11 (37) 24 (80) 20 (67) 25 (83) 19 (66) 24 (80) 21 (70) 21 (70) 18 (60) (Figure 2 ). However, additional changes were also detected (Table 1 and Figure 2 ). The lowest frequency of allele losses was detected at the PLAT2 locus (17%) and was considered as random allele losses. High frequency of LOH was also noted in additional chromosome 8p regions; the telomeric region 8p23 at the D8S201 locus (32%) and the centromeric region 8p12, at D8S283 locus (38%). Table 2 presents the correlation between the clinicopathologic factors and LOH in at least two 8p loci in this cohort. Signi®cant statistical correlation between 8p alterations and gender (P=0.03), tumor site (P=0.02) and tumor proliferative activity (P=0.006) were found; tumors of laryngeal and oral origins manifested more alterations that those from the tongue. Similarly, the majority of highly proliferating tumors manifested high LOH at 8p loci. Although, the number of female patients are small, male patients had more 8p losses (72.7%) than females (25%). There was not statistical correlation between age, tumor grade, DNA ploidy status and tumor stage.
Discussion
Investigations of 8p regions in head and neck squamous carcinoma have shown relatively high incidence of alterations that ranged from 33 ± 54%. The data suggest that certain 8p regions may house more than one putative TSG involved in HNSC tumorigenesis. Since only invasive tumors with few markers were analysed, the timing and the precise localization of these alterations in pre-invasive and invasive squamous lesions remain to be de®ned (Al-See et al., 1994; El-Naggar et al., 1995; Field et al., 1995; Kiaris et al., 1994; Nawroz et al., 1994; Scully and Field 1997; SunWoo et al., 1996) .
We have analysed allele losses on the short arm of chromosome 8 in 30 paired, severely dysplastic and invasive oral and laryngeal carcinoma specimens. Approximately one-third (26.6%) of the dysplasia and two-thirds (66.0%) of the invasive lesions manifested allele losses on the short arm of chromosome 8. Two distinct regions, around the LPL-let and D8S298 loci, showed clusters of allele losses in dysplasia and HNSC specimens (Table 1 and Figure  2 ). This ®rst region is de®ned by markers D8S254 and SFTP2 on 8p22 region and extends up to 4.6 mBs and the second is located between markers D8S136 and D8S137 and extends up to 7.1 mBs according to the physical mapping of these regions (Collins et al., 1996) . Some of these loci have previously been reported to show high incidence of LOH in invasive HNSC (ElNaggar et al., 1995; Nawroz et al., 1994) .
In our study, the detection of simultaneous LOH at certain loci in dysplasia and corresponding carcinoma specimens indicate that chromosome 8p allele losses may constitute an early event in the development of a subset of HNSC. Moreover, since eight paired dysplastic and invasive specimens had identical allele losses in the same loci, an evolution from a common preneoplastic clone that may preceded or coincided with the dysplasia is likely (Figure 2 ). Together, these results strongly suggest that each of these regions may harbor a TSG associated with the development and progression. Further assessment of the timing of these events in the phenotypic, progression of pre-invasive lesions could only be determined by analysis of the earlier grades of dysplasia in future studies. Similar analysis of preneoplastic lesions and invasive HNSC using a limited number of microsatellite markers on several chromosomes have shown an early involvement of loci on chromosomes 3p21 and 9p21 but not 8p (Califano et al., 1996) . Interestingly, allele losses at 8p22 and 8p21 were also detected in pre-invasive and pre-malignant lesions of dierent pathologic etiologies including prostate intraepithelial neoplasms (PIN), carcinoma in-situ of the breast, dysplasia arising in ulcerative colitis, and in cirrhotic and neoplastic foci of liver (Chang et al., 1994; Dib et al., 1996; EmmertBuck et al., 1995; Kishimoto et al., 1996; Sakr et al., 1994) .
In invasive carcinoma high incidence of LOH at the LPL-let locus on 8p22, has been documented in prostate, bladder, hepatocellular carcinoma, colorectal and lung cancers (Al-See et al., 1994; Bova et al., 1996; El-Naggar et al., 1995; Emi et al., 1992; Kagan et al., 1995; Kerangueven et al., 1994 Kerangueven et al., , 1995 Kiaris et al., 1994; Knowles et al., 1993; MacGrogan et al., 1994; Ohata et al., 1993; SunWoo et al., 1996; Yaremko et al., , 1995 . Similarly, allele losses at 8p21, near D8S298, were observed in HNSC, breast, bladder and prostate cancer (Kagan et al., 1995; Knowles et al., 1993; Yaremko et al., 1995) . These ®ndings suggest that inactivation of some or all of the tumor suppressor genes within 8p22 and 8p21 regions, may be common to these cancers (Kagan et al., 1995) . Recently, two candidate TSGs have been proposed within chromosomal region 8p22, PDGF receptor betalike TSG (PRLTS) and N33 Radford et al., 1995) . PRLTS was found to be mutated in one out of 48 colorectal cancers and two out of 28 cases of hepatocellular carcinoma. The N33 gene was silenced by methylation in colon cancer cell lines but not in prostate cancer N33 (Radford et al., 1995;  Fujiwara et al., 1995) . However, the possible involvement of these genes in HNSC is unknown and requires further investigation. We also observed a relatively high frequency of allele losses in additional regions, which were not involved in dysplasia which may re¯ect genetic instability and relaxation in the ®delity of DNA replication in invasive HNSC. This is further supported by the detection of random allele losses in invasive squamous carcinoma at these sites at every locus (Table 1) . In this study the clinicopathologic correlation revealed higher incidence of deletion at 8p in tumors of male patients than in their female counterpart and in tumors from laryngeal and oral cavity sites than from the tongue. The etiological and clinical signi®cance of these results are unclear and deserve further studies. Our results also show signi®cant correlation between 8p alterations and high proliferative index which corroborates previous investigations of these regions in other tumors and indicates a possible association between abnormal cell cycle regulation and aggressive clinical behavior (Li et al., 1994; MacGrogan et al., 1996; Merlo et al., 1992) .
Materials and methods
Thirty prospective primary untreated oral and laryngeal squamous carcinomas with concurrent pre-malignant changes received in the Frozen section unit of the Department of Pathology, The University of Texas MD Anderson Cancer Center from June 1993 to July of 1996 formed the materials for this study. Samples of normal squamous epithelium and epithelium with severe dysplastic/carcinoma in situ, exclusive of invasive carcinoma, were microdissected o the underlying submucosa after frozen section veri®cation and localization. In each case, an initial frozen section was performed on grossly abnormal squamous mucosa 1 ± 1.5 cm from the invasive lesions, for diagnosis and localization of carcinoma in situ. Histologically normal squamous epithelium was obtained after frozen section veri®cation from the farthest mucosal margin of the resected specimen. In most specimens, at least 3 cm separated the edge of the carcinoma from this microdissected margin. Invasive tumor samples were carefully excised from viable nonnecrotic tumor center and veri®ed by frozen section and cytospin preparation to contain 515% non-tumor elements. Tissue specimens from each resection were immediately snap frozen and kept at 7808C until used. Lymphocytes were also collected after Ficoll ± Hypaque centrifugation of peripheral blood sample from each patient.
DNA Extraction
Frozen tissue was homogenized in a Tissue Tearor (Biospec Products, Bartlesville, OK) in 10 mM Tris (pH 8), 200 mM NaCl, 2 mM EDTA and 0.5% SDS. Proteinase K was added to a concentration of 265 mg/ml, and the resultant solution was incubated overnight at 558C. The solution was then extracted with phenol, phenol/chloroform, and chloroform alone; ethanol precipitated and resuspended in 10 mM Tris and 1 mM EDTA.
Microsatellite Analysis
Fifteen microsatellites (Figure 2 ) spanning the entire short arm of chromosome 8p selected based on previous investigations were used Collins et al., 1996; Dib et al., 1996; Kagan et al., 1995; MacGrogan et al., 1994; Wood et al., 1994) . Primers for PCR amplification were obtained from Research Genetics (Huntsville, AL). One primer was end labeled using g 32 P-ATP (Dupont NEN, Boston, MA) and T4 polynucleotide kinase (United States Biological, Cleveland, OH). PCR was performed in a 20 ml volume with 200 ng of genomic DNA, 10 mM TrisHCl (pH 8.3), 50 mM potassium chloride, 1.5 mM magnesium chloride, 0.001% gelatin, 0.5 mM of each unlabeled primer, 0.01 mM labeled primer, 0.2 mM deoxynucleotide triphosphates, 5% DMSO (Sigma Chemicals, St. Louis, MO) and 0.5 units of Amplitaq DNA polymerase (PerkinElmer, Norwalk, CT). Sequences were ampli®ed in 25 cycles consisting of 948C for 30 s, 558C for 1 min and 728C for 1 min. An initial denaturing step of 948C for 3 min and a ®nal elongation step of 728C for 5 min were incorporated in the ampli®cation program. Ten ml of loading buer was added and the samples were denatured at 948C for 3 min, quick chilled on ice and loaded on a gel. Electrophoresis was performed in 7% acrylamide-urea sequencing gels containing 32% formamide (v/v) at 80 watts for 2 ± 4 h, depending on the fragment size. The gels were dried and exposed to Hyper®lm-MP (Amersham, Arlington Heights, IL) at 7808C with intensifying screens. Microsatellite instability was scored when a contraction, expansion or addition of an extra band was noted in tumor sample in comparison to the allelic position of the corresponding normal control. LOH was scored when at least 50% reduction in band intensity was observed in one of the alleles in tumor sample in contrast to corresponding normal control. LOH was scored independently by three investigators and disputed samples were repeated and record based on consensus agreement betwecn the investigators. All reactions were performed with 200 ng DNA template without dilution.
Acridine orange¯ow cytometry
Single-cell suspensions from solid tissues were prepared by mechanically mincing fresh tissue in RPMI 1640 medium (Irvine Scienti®c, Santa Ana, CA) Acridine orange staining was performed by a two-step method previously described (Traganos et al., 1977) . DNA and RNA analyses were performed with an EPICS Pro®le Cytometer (EPICS Division of Coulter Corp. Hialeah, FL) equipped with an argon ion laser emitting 488 nm (15 nW). A 525BP ®lter was used to collect green¯uorescence (DNA) and a 610LP ®lter was used to collect red¯uorescence (RNA). Peak versus integral signals were collected to discriminate doublets. Histograms were analysed by using the Histogram Analysis menu option of the Pro®le software.
